ABSTRACT: Four ruminally cannulated sheep were used in a crossover design to assess the postprandial changes of fi ber-degrading microbes in the solid phase of the rumen of sheep fed 2 high-forage diets. The diets had forage:concentrate ratio of 70:30 (DM basis) and either alfalfa (Medicago sativa) hay (AL) or grass hay (GR) as forage (FOR). Sheep were fed twice daily, and samples from solid rumen digesta were taken at 0, 4, and 8 h after the morning feeding. Postprandial changes of DNA concentrations of all determined microbial populations were similar for the 2 diets. Samples taken at 4 h after feeding had lesser (P < 0.05) concentrations of total bacterial DNA determined with real-time PCR and bacterial diversity and greater (P < 0.05) protozoal DNA concentrations, relative abundance of fungal, Fibrobacter succinogenes, Ruminococcus fl avefaciens, and Ruminococcus albus DNA compared with those taken at 0 and 8 h. No effect (P = 0.41 to 0.76) of FOR was detected either on concentrations of bacterial and protozoal DNA or the relative abundance of the 2 Ruminococcus DNA, but GR diet promoted greater (P < 0.001) relative abundance of F. succinogenes and fungal DNA compared with AL diet. Fibrobacter succinogenes was the most abundant (P < 0.05) of the 3 cellulolytic bacteria for both diets, with no differences (P < 0.05) between the 2 Ruminococcus species. Rumen pH and carboxymethylcellulase, Avicelase, and amylase activities were not affected (P = 0.15 to 0.69) by FOR, but xylanase activity was greater (P = 0.01) for GR diet. The infl uence of FOR on microbial communities in ruminal solid digesta was more evident in the fi rst hours after feeding than at later times after feeding, which highlights the infl uence of sampling time when investigating dietary effects on rumen function and microbial populations.
INTRODUCTION
Diet affects ruminal microbial populations (Dehority and Orpin, 1997) . Effects of changing from foragebased to high-concentrate diets on microbial populations have been studied (Kocherginskaya et al., 2001; Julien et al., 2010) , but little is known about the infl uence of type of dietary forage (FOR) on ruminal microbial populations (Weimer et al., 1999; Wora-anu et al., 2007) . Forage digestion is achieved largely by bacteria, protozoa, and fungi, and solid attached microbes play a major role in fi ber digestion in terms of mass and fi brolytic activity . Fibrobacter succinogenes, Ruminococcus fl avefaciens, and Ruminococcus albus are species of cellulolytic bacteria of interest when considering fi ber digestion. Researchers have studied the role of dietary composition on fi brolytic bacteria populations in cows (Martin et al., 2001 ) and sheep (Koike and Kobayashi, 2001; Michalet-Doreau et al., 2001 , 2002 Koike et al., 2003; Mosoni et al., 2007) , but other microbial populations with fi brolytic activity, such as protozoa and fungi, have received less attention.
The use of high-forage diets for sheep has increased recently due to increased grain prices. To achieve a more precise knowledge on how ruminants digest forages, we must fi rst gain a better understanding of ruminal mi-crobes. Differences between forages in ruminal digestion are due to their chemical and anatomical structure but also to the fi brolytic microbes (FM) promoted in the rumen by feeding a particular forage. Our hypothesis was that the type of forage fed to sheep may infl uence the fi brolytic microbial community structure in the rumen. To test this hypothesis, we assessed by quantitative PCR (qPCR) the postprandial changes of fi ber-degrading microbes in solid ruminal digesta of sheep fed 2 high-forage diets. Also, variations in bacterial diversity during the feeding cycle were assessed with automated ribosomal intergenic spacer analysis (ARISA).
MATERIALS AND METHODS
Animals were cared for and handled in accordance with the Spanish Animal Care Regulations, and the experimental protocols were approved by the León University Institutional Animal Care and Use Committee.
Animals and Diets
Four merino sheep (58.3 ± 3.27 kg BW) were fi tted with rigid permanent rumen cannula (6 cm i.d.) and used in a crossover design. Surgery was performed 2 mo before the start of the trial following the surgical procedure described by Komarek (1981) . Sheep were housed in individual pens and had continuous access to fresh water and vitamin and mineral block over the trial. Two total mixed diets were formulated following NRC (2007) guidelines. The experimental diets were (DM basis) 30% concentrate and 70% either alfalfa hay (AL) or grass hay (GR) as forage source, and their chemical composition is shown in Table 1 . Diets were offered to the animals twice daily (0800 and 2000 h) at a daily rate of 52 g DM/kg BW 0.75 to minimize feed selection. This amount of intake was estimated to meet 1.2 and 1.1 times the energy maintenance requirements of the experimental sheep for AL and GR diets, respectively (NRC, 2007) . Sheep consumed all the diet offered, with the exception of 1 sheep that occasionally left some refusals (<100 g/d) with diet GR.
Experimental Procedure and Sampling
Each of the two 24-d experimental periods consisted of 21 d of dietary adaptation and 3 d for sample collection. Samples of offered diets were collected daily, composited, and dried at 55°C in an oven for 48 h and ground using a Culatti grinder (model DFH 48; Culatti, Zurich, Switzerland) with a 1-mm screen before chemical analyses.
On d 22 and 24 of each period, ruminal content from each sheep was sampled immediately before the morning feeding (0 h) and at 4 and 8 h after feeding. Samples (mix of liquid and solid) from the dorsal, central, and ventral regions of the rumen were collected with a pair of tongs inserted through the rumen cannula to form one composited sample (approximately 500 g) for each sheep at each sampling time. Ruminal content was strained through 2 layers of cheesecloth, pH of the fl uid was immediately measured (Crison pH Meter Basic 20, Barcelona, Spain), and solid content was thoroughly mixed before sampling. Approximately 20 g were placed in sterile containers and stored frozen at -80°C until DNA extraction. Ten grams of solid content were immediately frozen at -80ºC for determination of carboxymethylcellulase (CMCase), Avicelase, xylanase, and amylase activities. Finally, 20 g were weighed and then dried at 55°C in an oven until constant weight to determine DM content of the solid phase. Within each experimental period, the 2 samples taken on the 2 sampling d for each sheep at each sampling time were composited before analysis. Within each period, there were 3 samples per sheep (1 for each sampling time) for enzymatic activity and qPCR and ARISA analyses.
Additionally, pellets of bacteria and protozoa were isolated to obtain bacterial and protozoal DNA to be used as standard for qPCR analysis. At each sampling time, the remaining solid contents from each sheep were mixed to 1 pooled sample, which was divided into 2 similar fractions for bacteria and protozoal isolation. One half was combined with an equal volume of saline solution (0.9% NaCl; 38ºC), mixed gently, and squeezed again to remove residual unat- 1 Alfalfa hay was a second-cut harvested at 30% fl owering, and it contained 91.3% DM, 2.67% N, 46.6% NDF, 33.1% ADF, and 1.79% ether extract (DM basis). Grass hay consisted primarily of perennial ryegrass (81%), red and white clover (11%), and other grasses (8%), was harvested at after the fl owering stage, and contained 93.3% DM, 1.46% N, 56.9% NDF, 28.6% ADF, and 1.68% ether extract (DM basis). Concentrate was based on barley (Hordeum vulgare), corn (Zea mays) gluten feed, wheat middlings, soybean (Glycine max) meal (44% CP), palm kernel meal, wheat, corn, and mineral and vitamin premix in the proportions of 217, 204, 197, 134, 115, 50, 50 , and 33 g/ kg, respectively (DM basis) and contained 91.4% DM, 3.04% N, 33.5% NDF, 12.5% ADF, 2.5% ether extract, and 27.9% starch (DM basis).
2 NFC = nonfi ber carbohydrates; calculated as 100 -(CP + ash + NDF + ether extract). Crude protein was calculated as N × 6.25.
3 Estimated according to the NRC (2007).
tached bacteria. The solid digesta was then used to isolate a solid-associated bacterial (SAB) pellet as described by Ramos et al. (2009) . The remaining half of solid digesta was mixed with an equal volume of Coleman solution (38ºC), homogenized, and squeezed again. The fi ltrate was mixed with the strained ruminal fl uid and transferred to a separation funnel, 5 g of glucose were added, and the mixture was allowed to fl occulate for 1 h at 39ºC. The layer containing the protozoa was drawn off, fi ltered through a 200-μm nylon cloth (Sefar Maissa S.A., Barcelona, Spain), and repeatedly washed with Coleman buffer to remove the remaining plant material. Finally, the fi ltrate was fi ltered through a 10-μm nylon cloth, washed thoroughly (at least 20 times) to remove contaminating bacteria, and centrifuged (6,000 × g for 5 min) to produce a protozoal pellet. Samples of SAB and protozoal pellets were freeze dried and ground to a fi ne powder with a mortar and pestle. The 12 SAB pellets and 12 protozoal pellets obtained were pooled independently before DNA extraction, and the DNA was used as standard for qPCR analysis.
DNA Extraction and Analysis of Microbial Communities with Quantitative PCR and Automated Ribosomal Intergenic Spacer Analysis
The DNA was isolated in duplicate from freeze-dried solid digesta (120 mg DM) and SAB pellets (30 mg DM) after mechanical disruption of microorganisms with a MiniBeadbeater (3 min; Biospec Products, Bartlesville, OK) as described by Ramos et al. (2009) . The DNA was extracted using the QIAamp DNA Stool Mini Kit (QIAgen, Valencia, CA) and following the procedure of Yu and Morrison (2004) , with the exception that an additional step involving the treatment of samples with cetyltrimethylammonium bromide was included to remove PCR inhibitors. Eluted DNA was quantifi ed using a Nanodrop ND-1000 (NanoDrop Technologies, Wilmington, DE) at a wavelength of 260 nm. Protozoal DNA extraction protocol was the same as that described for bacterial DNA, with the exception that bead-beating was substituted by vortexing to prevent possible shearing of genomic DNA (Sylvester et al., 2005) .
Absolute quantifi cation of total bacteria and protozoa and relative quantifi cation of the fi brolytic bacteria, F. succinogenes, R. fl avefaciens, and R. albus, and total fungi was performed with qPCR. The DNA extracted from SAB and protozoal pellets was serially diluted (from 10 -1 to 10 -5 ) and used as standard to quantify bacterial and protozoal DNA concentration in solid digesta, respectively. The cross contamination of bacterial DNA in the protozoal DNA was measured with qPCR and subtracted from the concentration determined with spectrophotometry.
The extracted DNA was diluted 1:10 before all qPCR analyses. The qPCR was performed in triplicate using an ABI PRISM 7000 Sequence Detection System (Applied Biosystems, Warrington, UK). Primer sequences for the different microbial groups were chosen from the literature and are given in Table 2 . Amplifi cation effi ciencies for each primer pair were investigated by examining dilution series (from 10 -1 to 10 -5 ) of a pooled DNA template in triplicate and plotting the observed threshold cycle (Ct) values against the logarithm of total DNA concentration. Values of slopes (ranging from -3.37 to -3.67) and regression coeffi cients (0.99) were similar to those previously reported for the same primers by Denman and McSweeney (2006) for bacteria, fungi, F. succinogenes, and R. fl avefaciens, by Sylvester et al. (2004) for protozoa, and by Koike and Kobayashi (2001) for R. albus, and PCR effi ciencies ranged from 95.9 to 9.2%.
Each reaction mixture (20 μL fi nal volume) contained 10 μL SYBR Green PCR Master Mix (Applied Biosystems, Warrington, UK), 0.9 μL of 20 μM each primer, 6.2 μL of Milli-Q water (EMD Millipore Corp., Billerica, MA), and 2 μL of extracted DNA. A no-template (sterile distilled water) negative control was loaded on each plate run to screen for possible contamination and dimer formation and to set background fl uorescence for plate normalization. For quantifi cation of total bacteria, fi brolytic bacteria, and total fungi, cycling conditions were 94ºC for 10 min for initial denaturation and 40 cycles of 95ºC for 15 s and 60ºC for 1 min for primer annealing and elongation. To determine the specifi city of amplifi cation, analysis of product melting was conducted after each amplifi cation. The melting curve was obtained by increasing the temperature at a rate of 0.3ºC every 30 s from 60 to 95ºC. All total bacteria qPCR analyses were conducted in 1 plate. Additionally, each DNA sample was assessed with primers for total bacteria, fungi, F. succinogenes, R. fl avefaciens, and R. albus on the same plate to calculate the relative abundance of each specifi c DNA relative to total bacterial DNA. Cycling conditions for determination of protozoal DNA concentrations were 94ºC for 10 min and 40 cycles of 95ºC for 15 s, 54ºC for 30 s, and 60ºC for 1 min. All protozoal qPCR analyses were conducted in 1 plate. Extracted DNA was diluted to a working concentration of 10 ng/mL for ARISA analysis. The DNA was amplifi ed using universal bacterial primers 16S-1392F and 23S-125R (Danovaro et al., 2006) , and the ARISA technique was performed as described by Ramos et al. (2009) . It was considered that the peak profi le in ARISA electropherograms refl ects the predominant bacterial populations in ruminal solid digesta, and only the presence or absence of the different peaks was considered for the analysis. The Shannon's diversity index was calculated as described by Shannon and Weaver (1949) . To analyze the similarity between bacterial communities in the solid digesta of sheep fed AL or GR, a percent similarity index was calculated from the peak profi le patterns in the electropherograms of samples from each sheep within sampling time. Principal component analysis (PCA) of samples obtained at each sampling time was performed using the MVSP v3.12d software (Kovach Computing Services, Anglesey, Wales).
Chemical Analysis
Procedures for analysis of feed chemical composition have been described by Martínez et al. (2010) . For determination of enzymatic activities in ruminal digesta, samples were thawed at 4ºC, and a subsample (approximately 6 g) was chopped with scissors. Five grams of chopped digesta were weighed, suspended in 25 mL of phosphate buffer (pH = 6.5; 4ºC) containing 1 mM dithiothreitol, placed in Stomacher bags, and homogenized with a Stomacher 400 Circulator (Seward Ltd., London, UK) for 5 min at 230 rpm to detach solid-associated microbes from feed particles. The microorganisms present in the suspension were then lysed by bead beating (three 60-s pulses; 0.1 mm zirconia beads), unbroken cell material was removed by centrifugation (10,000 × g for 10 min at 4ºC), and the supernatant was used for analyses of Giraldo et al. (2008) . Enzymatic activities were expressed as micromoles of glucose or xylose released from the corresponding substrates by 1 g DM of solid digesta in 1 min at 39ºC and pH 6.5.
Calculations and Statistical Analyses
Fibrobacter succinogenes, R. fl avefaciens, R. albus, and total fungal DNA concentrations were determined relative to the absolute quantifi cation of total bacteria as described by Pfaffl (2001) after correcting for differences in amplifi cation effi ciencies between each target and the reference (total bacteria).
Data were analyzed as a mixed model with repeated measures using PROC MIXED (SAS Inst. Inc., Cary, NC). The statistical model used included FOR, period, time, and FOR × time as fi xed effects and sheep as a random effect. Effects were declared signifi cant at P < 0.05. Within each diet, differences in the abundance of the 3 fi brolytic bacteria were analyzed with a paired Student's t test.
RESULTS AND DISCUSSION
Because the microbial community attached to feed particles is known to constitute the greatest and most active ruminal community regarding microbial mass and fi brolytic activities, we decided to assess microbial community structure and enzymatic activities in the solid phase of ruminal digesta of sheep. Even though similar studies have been conducted previously with cows (Martin et al., 1993 (Martin et al., , 2001 ) and sheep , 2002 , most of them were focused on analyzing the changes induced in the rumen by feeding high-concentrate diets and little information is available on sheep fed high-forage diets. Therefore, we decided to monitor fi brolytic microbial populations in the rumen of sheep fed diets based on either alfalfa or grass hay. Alfalfa and grass hay were chosen because they are commonly used as a forage source in sheep feeding, differ in composition and tissue anatomy, and therefore may differ in fi ber fermentation rate and extent in the rumen, thus promoting different microbial communities.
Mean DNA concentrations for AL diet were 19.8, 70.5, and 22.4 μg/g of FM ruminal digesta at 0, 4, and 8 h after feeding, respectively, and 34.8, 76.1, and 40.6 μg/g of FM ruminal digesta for GR diet, being therefore in the range of those previously reported by others (Sharma et al., 2003; Yu and Morrison, 2004) . The DNA concentrations were affected by sampling time (P < 0.001), being for both diets greater (P < 0.01) in 4-h samples compared with those taken at 0 and 8 h, with no differences (P > 0.05) between concentrations at 0 and 8 h after feeding. Absorbance ratios (A 260 :A 280 ) were between 1.72 and 1.98 and were not affected either by sampling time (P = 0.86) or FOR (P = 0.55).
Quantitative PCR Analysis of Microbial Communities and Automated Ribosomal Intergenic Spacer Analysis of Bacterial Diversity
As shown in Table 3 , no FOR × time interactions were observed for concentrations of bacterial and protozoal DNA (P = 0.87 and 0.84, respectively), indicating similar postprandial changes with both diets. Concentrations of bacterial DNA in solid ruminal digesta were similar (P = 0.66) for both diets but were affected by time of sampling (P = 0.008). Bacterial DNA concentrations decreased by 38 and 32% at 4 h after feeding for diets AL and GR, respectively, and then increased at 8 h after feeding to values similar (P > 0.05) to those before feeding. Similar results have been reported for sheep (Martin and MichaletDoreau, 1995; Michalet-Doreau et al., 2002) and heifers (Bryant and Robinson, 1961; Leedle et al., 1982) , and they have been attributed to the dilution of solid ruminal contents by ingested feed. In our study, offered feed was usually consumed within 1 to 1.5 h after each feeding. It has to be taken into account that ruminal bacterial concentration is the balance between bacterial growth and lysis, dilution by feed, and turnover of particles, and all these factors are infl uenced by feed intake and eating pattern (Leedle et al., 1982; Michalet-Doreau et al., 2002) .
Protozoal DNA concentrations in solid ruminal digesta did not differ (P = 0.68) between diets but were greater (P < 0.001) at 4 h after feeding compared with DNA concentrations at 0 and 8 h. Dehority and Orpin (1997) and Santra et al. (1998) reported that protozoa numbers in the liquid phase of the rumen decreased after feeding, and this decrease was attributed to the migration of protozoa to colonize feed particles, which could explain the increase in protozoal DNA concentrations observed in the solid digesta at 4 h after feeding in our study.
Relative quantifi cation of the abundance of fi brolytic bacteria (F. succinogenes, R. fl avefaciens, and R. albus) showed similar DNA concentrations of the 2 Ruminococcus species with the 2 experimental diets (P = 0.41 and 0.76 for R. fl avefaciens and R. albus, respectively), but concentrations of F. succinogenes were greater (P < 0.001) for GR compared with AL diet (Table 3) . Relative abundance of the 3 cellulolytic bacteria was greater (P < 0.05) in samples taken at 4 h after feeding compared with those taken at 0 and 8 h, with no differences (P > 0.05) detected between 0-and 8-h samplings. These values suggest that fi brolytic bacteria were stimulated by the arrival of fi brous feed to the rumen.
Of the 3 monitored species, F. succinogenes was the most abundant for both diets (P < 0.05), with no differences between the 2 Ruminococcus species (P = 0.31 and 0.21 for AL and GR, respectively). The predominance of F. succinogenes has been shown in sheep rumen (Koike and Kobayashi, 2001; Michalet-Doreau et al., 2001 , 2002 Koike et al., 2003; Mosoni et al., 2011) and batch cultures inoculated with sheep ruminal fl uid (Chen et al., 2008) , which would indicate the ecological and functional signifi cance of F. succinogenes among the known species of cellulolytic bacteria.
Relative abundance of fungal DNA was greater (P < 0.001) for GR than for the AL diet (Table 3 ) and showed greater (P < 0.05) values at 4 h after feeding compared with those at 0 and 8 h for both diets. Ruminal fungi are active degraders of fi brous plant material, and although knowledge of their characteristics is still limited, they are considered to be primary colonizers of plant biomass (Edwards et al., 2008) , which is in agreement with the Within each row, means without a common superscript differ (P < 0.05). Superscripts are shown only when a signifi cant (P < 0.05) P-value for time effect was detected.
1 Microbial DNA measured relative to total bacterial DNA.
great relative abundance of fungal DNA observed in our study at 4 h after feeding. A total of 135 peaks were detected in the ARISA electropherograms of solid digesta across the full set of 24 samples, from which 15 were detected only in AL-fed sheep and 14 detected only in GR-fed sheep. The number of peaks ranged from 34 to 61 for AL diet and from 18 to 60 for GR diet. As shown in Table 3 , both number of peaks and Shannon index were greater (P = 0.004 and < 0.001, respectively) in AL-fed sheep compared with GR-fed sheep, which would indicate a greater bacterial diversity promoted by AL diet. For both diets, the number of peaks at 4 h after feeding was less (P < 0.05) than that at 0 and 8 h, with no differences (P > 0.05) between the values at 0 and 8 h (P > 0.05). Whereas for GR diet Shannon index values were less (P < 0.05) at 4 h after feeding compared with 0-and 8-h samplings, they were not affected (P > 0.05) by sampling time for AL diet. In agreement with our results, several studies have reported a diet effect on ruminal bacterial diversity in sheep (Kocherginskaya et al., 2001 ) and cattle (Larue et al., 2005; Petri et al., 2012) fed diets with different forage:concentrate ratios. Our results show that the effect of FOR on bacterial diversity was more pronounced at 4 h after feeding than at 0 and 8 h and highlights the importance of sampling the rumen contents at different times.
The similarity index between bacterial communities in AL-fed sheep and those in the same sheep when they were fed GR diet ranged from 35.5 to 61.5% (results not shown) and was less (P < 0.05) at 4 h after feeding than at 0-and 8-h samplings. This would also indicate a more pronounced effect of FOR on the structure of rumen bacterial communities attached to feed particles in the fi rst hours after feeding compared with longer after feeding periods, which was confi rmed by PCA (Figure 1 ). Whereas no clear clustering pattern based on FOR could be established for samples taken immediately before feeding ( Figure 1A ), at 4 h after feeding the PCA clearly discriminated between samples from AL-fed and GR-fed sheep ( Figure 1B ). At 8 h after feeding, the 4 samples from AL-fed sheep grouped together below Axis 2, and 3 out of the 4 samples from GRfed sheep grouped above Axis 2 ( Figure 1C) .
Several studies have pointed out large variations in rumen microbial mass and diversity between animals Julien et al., 2010) ; therefore, a crossover design was used in our study to reduce the variability among animals. For both diets, Sheep 2 had smaller (P < 0.01) numbers of peaks (mean values across sampling times of 37.0 and 26.3 for AL and GR diet, respectively) and Shannon index (3.61 and 3.22 for AL and GR diet, respectively) compared with Sheep 1, 3, and 4. Mean peak numbers for Sheep 1, 3, and 4 were 50.7, 47.0, and 49.7 for AL diet and 44.3, 38.7, and 33 .0 for GR diet, respectively, and values of Shannon index were 3.90, 3.84, and 3.88 for AL diet and 3.66, 3.58, and 3.44 for the GR diet, respectively. These results confi rm previous studies (Li et al., 2009; Welkie et al., 2010; Petri et al., 2012) , which showed that individual host variation can be responsible for larger Figure 1 . Principal component analysis generated from automated ribosomal intergenic spacer analysis profi les of bacteria in the solid ruminal digesta from sheep fed diets containing 30% concentrate and 70% alfalfa hay (AL; shaded symbols) or grass hay (GR; open symbols). Samples were taken at 0 (A), 4 (B), and 8 (C) h after feeding. Numbers 1 to 4 correspond to individual sheep. differences in ruminal bacterial diversity than those produced by contrasting diets or different sampling times and highlight the importance of an appropriate experimental design for studies assessing ruminal microbial populations.
Enzymatic Activity
As shown in Table 4 , no FOR × time interactions (P = 0.25 to 0.70) were detected for ruminal pH and enzymatic activities. The diet did not affect (P = 0.15 to 0.69) either ruminal pH or CMCase, Avicelase, and amylase activities, but xylanase activity was greater (P = 0.01) in GR-fed sheep than in AL-fed sheep. This difference could be attributed to the greater hemicellulose content in GR than in AL diet and illustrates the effect of the substrate on fi brolytic activity at similar rumen pH values.
The CMCase, Avicelase, and xylanase activities in the solid phase of the rumen were greater (P < 0.05) before feeding than at 4 and 8 h after feeding, with the exception of Avicelase activity for AL diet, which remained unchanged (P > 0.05) over time. These results are in agreement with others (Martin et al., 1993 (Martin et al., , 1999 that showed that fi brolytic activity in the ruminal solid phase of cows was minimum after feeding and increased thereafter to reach maximal values at the end of the postprandial period. Microbial attachment to fi brous substrates is an important prerequisite of fi ber degradation in the rumen before cellulolytic microbes start to produce enzymes, which would induce a lag time between arrival of feed in the rumen and its degradation by FM. Another factor that may have affected fi brolytic enzyme activity is pH. Ruminal pH decreased (P < 0.05) from values greater than 6.60 at 0 h to values less than 6.30 at 4 h after feeding and close to 6.50 at 8 h after feeding (Table 4) . According to an in vitro study (Stewart, 1977) , optimum cellulolytic activity in ruminal fl uid takes place at pH values greater than 6.7 and decreases drastically at pH less than 6.3. No changes (P = 0.13) were observed in amylolytic activity during the feeding cycle, suggesting that changes in ruminal pH over the feeding cycle in our study did not affect amylase activity.
In conclusion, postprandial variations in ruminal concentrations of bacterial, protozoal, and cellulolytic bacterial and fungal DNA were similar for both high-forage diets. Whereas concentrations of total bacterial DNA decreased at 4 h after feeding, concentrations of total protozoal DNA increased. Concentrations of fungal and the 3 cellulolytic bacterial DNA, measured as relative abundance to total bacterial DNA, increased at 4 h after feeding compared with before feeding and greater postprandial periods. Fibrobacter succinogenes was the most dominant of the 3 cellulolytic species for both diets. Bacterial diversity was greater for AL than for GR diet but for both diets was less at 4 h after feeding compared with that at greater postprandial periods. The results indicate that the infl uence of forage type on the structure of rumen bacterial communities in solid digesta from sheep is more evident in the fi rst hours after feeding than at greater times after feeding and highlight the infl uence of sampling time when investigating the effects of diet on ruminal microbial populations. a,b Within each row, means without a common superscript differ (P < 0.05). Superscripts are only shown when a signifi cant (P < 0.05) P value for time effect was detected.
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